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Psyche [Vol. 92 egg she lays in each brood cell. Most species dig holes in the ground, but some nest in pre-existing cavities whereas others construct mud nests. Regardless of the type of nest, all species of spheids show some sort of final nest closure. This nearly always includes behavior that apparently compacts or settles the material used. Most sphecids and pompilids (spider wasps) pack the soil by repeatedly tapping or pounding on the substrate with the last abdominal segment (Carpenter, 1930; Evans, 1966b) , often while simultaneously vibrating the abdomen (Endo, 1981) . However, one subfamily of sphecids, the Sphecinae, differs in that they tamp or press the soil with the front of the head. It is in this group that tool-using behavior has evolved. In this paper I examine the frequency, origin and adaptive value of tool using in the Sphecinae.
Throughout the following discussion of nest closure in the Sphe- Exeter, NH (1975, 33 wasps and 60 permanent closures) and Northfield, MN (1976, 136 wasps and 150 closures) (see Brockmann 1979 and 
Nest Closure
The ground-nesting Sphecinae generally construct a simple nest: a long, straight, main-tunnel with a perpendicular side-tunnel and terminal brood chamber. They dig the nest by biting at the substrate and scraping away the loosened soil with rakes on their front tarsi 1985] Brockmann Digger wasps 311 (Brockmann, 1980) . Unlike other members of the family, all Sphecinae gather up the loosened soil into a ball and carry it out of their burrow, holding the bolus up under the head with their front legs, while walking on the middle and hind legs (Olberg, 1959; Evans and West Eberhard, 1970; Brockmann, 1980) . In most species the wasp drops her load immediately outside the nest entrance, which results in a mound or tumulus. This accumulated soil is later used for filling the burrow after the provisioning is complete. In contrast with this, Ammophila usually flies up with the armload of soil and drops it some distance from the nest entrance (Table 1A ; Evans, 1959) . (Frisch, 1937 (Frisch, , 1940 Evans, 1959; personal observation) .
There are four different kinds of filling behavior used by the Sphecinae (most species use some combination of these four methods). (1) Standing at the nest entrance, the wasp scrapes soil underneath her and into the burrow with her front legs "dog- fashion" (Fig. 1; Olberg, 1959) . (2) She bites at the soil around the nest entrance, and scrapes the loosened material into her nest. These are the same scraping and biting movements that are used during digging, only the body is now oriented away from the nest rather than toward it. (3) The wasp may also nudge or push soil ahead of her into the burrow with the front of her head ( Fig. 2 ; Tsuneki, 1963; Cazier and Mortenson, 1965) . (4) Some wasps pick up clods of soil, clumps of sand or stones in the mandibles and drop or place them in the nest (Carpenter, 1930; Adriaanse, 1943) , often pressing them into the substrate (Fig. 3) . In most species the wasp fills her nest with soil from the mound that accumulated at the nest entrance during digging (Sphex, Prionyx, Palmodes, Podalonia; Parker, 1915 (Adriaanse, 1943; Evans, 1959 Evans, , 1966c . Adriaanse (1943) suggested that in A. pubescens the building of a mine was associated with a lack of suitable material for closing at the surface. I have observed similar behavior in Sphex ichneumoneus when they do not have enough soil on the mound with which to close the nest. This can occur after a rain or when another female has filled her nest with soil from her neightbor's mound (similar behavior has been described for other Sphex by Iwata, 1976 (Table 1B) . Finally, the wasps disguise the location of the nest by scraping soil in the vicinity and by moving leaves, sticks and other debris in the area over or near the nest entrance ( Fig. 4 ; Table 1A ). Some wasps do not perform this disguising behavior at all, whereas others move a few objects around in a perfunctory manner and still others spend long periods of time carefully concealing the nest entrance (Evans, 1959; Peckham and Peckham, 1898) . Like other aspects of nesting behavior, nest-closure is highly variable, with individuals sometimes spending long periods of time filling, whereas at other times they only partially fill the burrow or do little packing (Adriaanse 1943; Tsuneki, 1968; Ristich, 1953; Hartman, 1905 ; personal observation).
The Sphecinae that dig the nest before hunting usually have some sort of temporary nest closure while they are away from the nest. Ammophila usually cover the nest at the surface with a pebble or piece of debris selected to fit the burrow entrance precisely (Evans, 1959 (Evans, , 1965 . Sphex scrapes and nudges a little soil across the entrance to the side-tunnel, but leaves the main-tunnel open while they are out hunting. At the end of the day, most Sphex close off the nest overnight, digging it out again in the morning. This temporary overnight closure differs from the final closure in that the wasp quickly scrapes loose soil into the burrow, turning around to pack only occasionally and for shorter periods of time. In contrast with this, during the final nest closure, the wasp alternates a few scrapes of soil into the nest followed by long bouts of intensive packing (Fig.  3) . The result is that the soil in the temporary closure is loose whereas in the permanent closing the soil is tightly compacted. When excavating even a recently closed nest, it is very difficult to distinguish the soil of the closure from the surrounding soil.
Packing Behavior
There are three general methods of packing soil into the burrow which grade into one another. (l) The wasp applies the clypeus and open mandibles to the substrate and pushes or presses down on the soil, usually while making low amplitude, high frequency vibrations of the head and body (Fig. 3) . The body is normally angled well below the vertical; the wasp may raise her head and then press down again repeatedly within a short period of time at the same or slightly different spot. This action seems to grade into pounding. (2) The Psyche [Vol. 92 Fig. 1 . Sphex ichneumoneus filling her nest. The wasp stands at the nest entrance (facing away) and scrapes soil between her legs, using the tarsal rakes on her prothoracic legs. She starts close to the nest entrance and gradually works her way up the mound. This means that early in a bout of scraping, the soil is flung into the burrow, whereas later the soil lands close to the nest entrance, and is thrown into the burrow during the next bout of scraping. Scraping is accompanied by frequent biting at the substrate with the mandibles to loosen the soil. The same behavior was observed in Sphex pensylvanicus. Fig. 2 . Sphex ichneumoneus nudges soil into her burrow. After scraping, the wasp turns around and walks down the mound toward her burrow. She often pauses at the nest entrance and nudges at the soil around the lip of the burrow. She pushes the soil ahead of her using the front of the mandibles and clypeus in quick, short, posterior to anterior motions of the head. Similar nudges were observed in $. pensylvanicus.
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Brockmann Digger wasps 317 Fig. 3 . 5'. ichneumoneus packing soil. After a bout of $-I 5 seconds of scraping, the wasp enters her nest and packs the soil. She applies the open mandibles and oral surface of the head to the substrate and presses down for one half to two seconds, vibrating her head and body intensely. She occasionally raises one or both hind legs above the substrate. After 5-20 sec of packing she then reemerges at the surface for another bout of scraping. Late in the filling process, when the nest fill is within cm of the surface, the wasp engages in particularly intense and prolonged packing. In addition to pressing on the fill, she also picks up stones, sticks, clods of dirt, or other pieces of debris, carries it to the nest in her mandibles and presses it down into the soil (seen here). Clods of dirt usually disintegrate, whereas stones and debris are either left in place or occasionally picked upand discarded. On rare occasions wasps have been observed to use the same object several times as a compacting tool. 5'. pensylvanicus shows similar packing behavior. Fig. 4 . 5'. ichneumoneus disguising the nest entrance. The wasp scrapes the region around the nest many times. Leaves, sticks and other debris are grasped with the mandibles and either pulled (seen here) over or pushed to the nest entrance orjust picked up and moved to another location around the nest. The effect of this is that the exact location of the entrance is impossible to detect either by the degree of compaction of the soil or by the appearance of the area around the nest. 5,phex pensylvanicus often chews around the nest entrance, breaking down the sides of the burrow and leaves a wide depression at the site of the nest entrance.
Psyche [Vol. 92 wasp pounds the substrate by rapidly raising and lowering the head and body. The pressing and pounding behavior differ in the amount of time that the mandibles spend in contact with the substrate and in the height to which the wasp raises her head between substrate contacts. (3) The wasp assumes a nearly vertical position, applies the front of the head to the substrate and vibrates (high amplitude, high frequency) the entire head and body like a sort of pile driver. This behavior has been described explicitly only for A. procera (Wheeler and Wheeler, 1924; Evans, 1959) . This behavior seems to differ from pressing by the angle of the body (although pressing with the body in a nearly vertical position can occur in any species depending on substrate conditions and whether she is in the burrow or not), the amplitude of the vibrations and the long, continuous time that the head is in contact with the substrate. Any of these packing movements may be accomplished with the mandibles alone or while holding a stone, clump of soil, stick or piece of debris (i.e. tool use).
(Some species combine these packing methods.) Most Sphecinae pick up a stone, clod of dirt, leaf, twig or other object, apply it to the substrate and push down while vibrating. This action serves either to embed the object or to pack the underlying soil or both. If the object is friable, the pressure and vibration serve to disintegrate it. Sometimes, and with some species more commonly than with others, wasps remove the object after having pressed it into the substrate and use it again or discard it to one side of the nest entrance ('Fable A; Peckham and Peckham, 1898; Rau and Rau, 1918; Evans, 1959; Evans and West Eberhard, 1970) .
Tapping or pounding is a far less common form of packing behavior than pressing (Table 1A) . Repeated tapping of the substrate with the oral surface of the head has been observed in several species of trap-nesting and mud-daubing Sphecinae (Rau, 1937; Iwata, 1938; Tsuneki 1963b Tsuneki , 1968 Krombein, 1970; personal observation) . While pounding some species of Ammophila hold a stone in the mandibles, thereby giving the appearance of using a hammer (Williston, 1892; Peckham and Peckham, 1898; Rau and Rau, 1918; Wheeler and Wheeler, 1924; Evans, 1959 Evans, , 1963 Evans, , 1965 Evans and West Eberhard, 1970) . The same stone is often used repeatedly and some authors describe the wasp as carefully selecting her hammer, picking up and discarding many stones before settling on one. 1985] Brockmann Digger wasps 319
Origin and Adaptive Significance of Tool Use
The preceding review of nest-closing behavior reveals that "tool use" is widespread among the Sphecinae, and is not limited to the Ammophila (Table 1A) . Many species pick up stones and press and vibrate them down into the substrate during nest closure, an action that almost certainly serves to compact the underlying soil at the nest entrance (Newcomer, 1930; Frisch, 1940; Spangler, 1973; personal observation) . Whether the object is removed or not, whether it is used repeatedly or only once, whether the wasp pounds or pushes with it, the result is almost certainly the same. If the stone is not removed, then in addition to being used as a compacting tool, it serves to block the nest entrance at the surface. The origin of this tool-using behavior among digging wasps coincides with the evolution of packing by means of the head and mandibles rather than the abdomen. Most species of Sphecinae which have been observed to pack soil with their mandibles have been observed to manipulate and press stones or other objects into the substrate (Table 1A) . Evans (1959) describes a gradual progression from packing movements involving only the mandibles, to packing by pressing down with a stone, to the more complex pattern of pounding with a pebble which is later discarded. (Peckham and Peckham, 1898; Thorpe, 1956 ). Unfortunately, the data were too sparse to include substrate in Table and Evans, 1966a) . The most common marauders, however, are conspecifics which regularly dig up the temporarily filled nests of neighbors. They sometimes discard the contents of the brood chamber when they encounter it or they may take over the nest and use the provisions for their own offspring (Brockmann and Dawkins, 1979) .
Occasionally a wasp will dig her burrow into the completed nest of another female, and when she does she pulls out the contents (be they provisions or pupa), flies up and discards them away from the nest. In a study of nest-site selection in Sphex ichneumoneus (Brockmann, 1979) 
